Abstract
and what BP parameter best predicts outcomes in acute ischemic stroke (AIS) patients who undergo intra-arterial therapy (IAT) for emergent large vessel occlusion. Methods: We retrospectively reviewed 147 patients who underwent IAT for anterior circulation AIS from January 2008 to December 2012 at our institution. Baseline demographics, stroke treatment variables, and detailed intraprocedural hemodynamic variables were collected. Results: The entire cohort consisted of 81 (55%) females with a mean age of 66.9 ± 15.6 years and a median National Institutes of Health Stroke Scale (NIHSS) score of [16] [17] [18] [19] [20] [21] . Thirty-six (24.5%) patients died during hospitalization, 25 (17%) achieved a 30-day modified Rankin Scale score of 0-2, and 24 (16.3%) suffered symptomatic parenchymal hematoma type 1/2 hemorrhage. Patients who achieved a good outcome had a significantly lower admission NIHSS score, a higher baseline CT ASPECTS score, and a lower rate of ICA terminus occlusions. Successful recanalization was more frequent in the good-outcome group, while symptomatic hemorrhages occurred only in poor-outcome patients. The first systolic BP (SBP; 146.5 ± 0.2 vs. 157.7 ± 25.6 mm Hg, p = 0.042), first mean arterial pressure (MAP; 98.1 ± 20.8 vs. 109.7 ± 20.3 mm Hg, p = 0.024), maximum SBP (164.6 ± 27.6 vs. 180.9 ± 18.3 mm Hg, p = 0.0003), and maximum MAP (125.5 ± 18.6 vs. 138.5 ± 24.6 mm Hg, p = 0.0309) were all significantly lower in patients who achieved good outcomes. A lower maximum intraprocedural SBP was an independent predictor of good outcome (adjusted OR 0.929, 95% CI 0.886-0.963, p = 0.0005). Initial NIHSS score
Introduction
There are many factors that influence outcomes of patients with acute ischemic stroke (AIS) from emergent large vessel occlusion who undergo intra-arterial recanalization therapy (IAT). Age, initial stroke severity, and time from symptom onset to vessel recanalization are few variables that have been well characterized [1] . Arterial blood pressure (BP) is a dynamic variable that is often altered in AIS, and multiple studies have investigated the relationship between various BP parameters during admission for AIS and clinical outcomes. BP is largely a surrogate for cerebral perfusion pressure [2] . Extreme arterial hypertension or hypotension is clearly deleterious to multiple organ systems. However, moderate hypertension during AIS would seem theoretically advantageous since it would improve cerebral perfusion to the ischemic tissue, while at the same time carrying the risk of worsening cerebral edema and promoting hemorrhagic transformation. As such, there is likely a BP range that is optimal for maintaining cerebral perfusion for each individual during an ischemic stroke. However, there is limited scientific evidence for such a target range.
For patients who undergo IAT for AIS, the 2013 American Stroke Association guidelines recommend maintaining the BP at or below 180/105 mm Hg, similar to that recommended after intravenous (IV) thrombolysis using recombinant tissue plasminogen activator (tPA) [3] . However, it is unknown if intraprocedural BP influences clinical outcomes and what BP parameter best predicts outcomes. Knowledge of this would help with the development of more specific intraprocedural BP parameters. In this retrospective study, we sought to explore the influence of intraprocedural hemodynamic parameters on outcomes of AIS patients undergoing IAT.
Methods

Subjects
This study was conducted after Institutional Review Board approval. Our institution's prospectively maintained database of AIS interventions was retrospectively reviewed to identify all patients who underwent IAT for AIS between January 2008 and December 2012. Subjects 18 years of age and older with acute anterior circulation ischemic stroke who underwent IAT were included in the present analysis. Posterior circulation strokes were excluded due to the higher likelihood of death or severe disability. The decision for IAT was made based on previously published protocols [4] and included only patients with emergent large vessel occlusion.
Demographics and Time Points
Demographic data including age, gender, and vascular risk factors; National Institutes of Health Stroke Scale (NIHSS) scores on admission and IV tPA use, and anesthesia type were collected. For elapsed time points, we collected last know well time, time to tPA administration, groin incision time, time to first angiographic run, time to reach target vessels, and time to recanalization. Discharged patients were followed up at around 30 days from the time of discharge to assess functional status, either by out-patient stroke clinic evaluation or via telephone call by a stroke nurse or by review of medical records by a stroke fellow if sufficient documentation was present. The modified Rankin Scale (mRS) score was recorded for these patients. All individuals were mRS certified. In-hospital mortality was also captured.
Hemodynamic and Radiographic Variables
Hemodynamic variables collected from the anesthesia records included heart rate, systolic BP (SBP), diastolic BP (DBP), and mean arterial pressure (MAP) right before the start of the case; maximum and minimum intraprocedural SBP, DBP, MAP, and heart rate; episodes of intraprocedural SBP <90 mm Hg; episodes of intraprocedural SBP <120 mm Hg; episodes of intraprocedural SBP drop >20% of baseline SBP, and episodes of intraprocedural MAP <60 mm Hg. All patients undergoing IAT got an arterial line, and BP was recorded at 5-min intervals by the Anesthesia Record Keeping System.
Radiographic variables recorded included site of vessel occlusion, recanalization grade, and postprocedural intracerebral hemorrhage. Recanalization was graded using the Thrombolysis in Cerebral Infarction (TICI) score, and successful recanalization was defined as TICI grade 2b-3 [5] . Hemorrhages were classified as parenchymal hematoma or hemorrhagic infarction, based on previously published criteria [6] . Hemorrhages were reviewed on noncontrast head CT images obtained 24 h after the procedure.
Outcomes
We assessed outcomes using the mRS, dichotomized to ≤ 2 to define favorable functional outcome and to >2 for unfavorable outcome.
Statistical Analysis
Statistical analysis was performed using JMP version 10. Univariate analysis of categorical variables was performed with Fisher's exact test and Student's t test for continuous variables in comparing patients who achieved good versus poor outcomes after IAT. A multivariable logistic regression analysis was constructed with variables to determine independent predictors of good outcome, mortality, and symptomatic hemorrhage. A p value of <0.05 was considered statistically significant
Results
A total of 213 subjects underwent IAT for AIS during the prespecified study period, and 147 patients ultimately met inclusion criteria for the present investigation. Twenty-three patients were excluded due to IAT performed for posterior circulation vessel occlusion, and 30-day mRS outcomes were not available in 43 patients. The entire cohort consisted of 81 (55%) females with a mean age of 66.9 ± 15.6 years and a median NIHSS score of 16 (IQR 11-21). The median admission CT ASPECTS score was 8 (IQR 6-9), and 52 (35.8%) patients received IV tPA. Sixty-eight (46%) patients underwent IAT under general anesthesia, 74 (50%) patients achieved TICI 2b-3 recanalization, and 24 (16.3%) patients suffered symptomatic parenchymal hematoma type 1/2 hemorrhage. Thirty-six (24.5%) patients died during the hospitalization, and 25 (17%) achieved a 30-day good outcome of an mRS score of 0-2. Table 1 summarizes the univariate analysis comparing predictors of outcome after endovascular therapy for acute stroke. Patients who achieved a good outcome had a significantly lower admission NIHSS score (11.7 ± 6.2 vs. 16.6 ± 6.5, p = 0.0007), a higher baseline CT ASPECTS score (8.6 ± 1.8 vs. 7.6 ± 1.8, p = 0.015), and had lesser ICA terminus occlusions (8 vs. 31.9%, p = 0.007). Successful recanalization was more frequent in the good-outcome group (80 vs. 44.2%, p = 0.0008), while symptomatic hemorrhages were more frequent in the poor-outcome group (0 vs. 19.7%, p = 0.0017). Table 2 compares the intraprocedural hemodynamic variables between the two groups. The first SBP (146.5 ± 20.2 vs. 157.7 ± 25.6 mm Hg, p = 0.042), first MAP (98.1 ± 20.8 vs. 109.7 ± 20.3 mm Hg, p = 0.024), maximum SBP (164.6 ± 27.6 vs. 180.9 ± 18.3 mm Hg, p = 0.0003), and maximum MAP (125.5 ± 18.6 vs. 138.5 ± 24.6 mm Hg, p = 0.0309) were all significantly lower in patients who achieved good outcomes. There were no differences in any of the other hemodynamic variables studied between the two groups. SBP variability calculated by the difference between the maximum and minimum SBP was also similar in both groups. Table 3 summarizes the multivariable logistic regression model for independent predictors of a good outcome. A lower maximum intraprocedural SBP was found to be an independent predictor of a good outcome (adjusted OR 0.929, 95% CI 0.886-0.963, p = 0.0005). Initial NIHSS was the only other predictor of a good outcome. A similar analysis was performed to determine predictors of mortality and symptomatic hemorrhage. Increased age, higher initial NIHSS, use of general anesthesia, and development of symptomatic hemorrhage were independent predictors of mortality. The CT ASPECTS score was the only independent predictor of symptomatic hemorrhage. Values are mean ± SD or n (%). HR = Heart rate; Max. = maximum; Min. = minimum. Values are mean ± SD or n (%). PH 1 + 2 = Parenchymal hematoma type 1 and 2.
Discussion
Our study revealed that AIS patients who underwent IAT and achieved an mRS score of 0-2 had a lower mean maximum SBP compared to those who did not achieve a good outcome. Among all the hemodynamic variables studied, maximum intraprocedural SBP was the only independent predictor of a good outcome. To the best of our knowledge, this is the first report that details the influence of hemodynamic factors on the outcome of AIS patients undergoing IAT.
Multiple studies have investigated the relationship between admission BP parameters in patients with AIS and clinical outcomes [7] [8] [9] [10] . These studies have reported a U-shaped relationship between the admission BP and good clinical outcome. Other studies have reported worse clinical outcomes with elevated in-hospital BP, with a more linear association [11] [12] [13] [14] [15] [16] [17] [18] [19] . There have been no studies that have examined the influence of intraprocedural hemodynamics on clinical outcome and mortality in patients with AIS who undergo IAT. It is also not clear which parameter among SBP, DBP, or MAP is superior in monitoring patients during the procedure.
A detailed analysis of intraprocedural hemodynamics in our study suggests that SBP may be the correct hemodynamic variable to monitor in these patients. Although no specific recommendations are available regarding intraprocedural BP management, the American Stroke Association guidelines recommend BP targets similar to patients who receive IV thrombolysis, which includes keeping SBP under 180 mm Hg and DBP under 105 mm Hg. Patients in our study who did not achieve good outcomes had a mean maximum intraprocedural SBP of 180.9 (SD ±18.3) mm Hg. As such, a lower intraprocedural SBP target such as 160 mm Hg like that seen with our patients who achieved an mRS score of 0-2 may be associated with better outcomes and requires further rigorous study.
All 24 patients with symptomatic hemorrhage did not achieve a good outcome. Symptomatic hemorrhage was not an independent predictor of good outcomes but was a strong independent predictor of mortality (adjusted OR 11.921, 95% CI 2.633-68.319, p = 0.0010). It is unclear why a higher SBP was associated with worse outcomes in our study. One could speculate about the correlation between higher BP and the increased risk of intracerebral hemorrhage, but this correlation is unknown. In our cohort, the CT ASPECTS score was the only independent predictor of symptomatic hemorrhage. Previous studies such as the European Cooperative Acute Stroke Study I [20] , the International Stroke Trial [21] , the National Institute of Neurological Disorders and Stroke trial [22] , or the Interventional Management of Stroke trial [23] did not find an association with BP and hemorrhage. However, intracerebral hemorrhage has been associated with elevated BP after tPA treatment [6, 19, 24] . Worse outcomes with higher BP may be linked to an increased risk of cerebral edema when there is concurrent high BP [10, 21, 25] .
Our study has multiple limitations most important of which are the retrospective study design that is prone to selection bias and the small sample size. This is a single-center retrospective analysis, and caution should be exercised in generalizing the results obtained in our study. We acknowledge that rates of successful recanalization and good outcomes in this cohort are low compared to recently published positive randomized controlled trials. However, techniques and devices used for IAT during the majority of the time period in our study were drastically different and less effective at achieving recanalization. In addition, baseline disability and late presentation among other variables did not necessarily preclude the selection of patients for IAT. Hemodynamic variables were documented at 5-min intervals, and it is possible that significant hemodynamic fluctuations were missed in the interval period. Only a single value of the maximum and minimum BP for the whole procedure was finally analyzed, irrespective of recanalization statuses or whether it was before or after recanalization in successfully recanalized patients. However, recanalization status was controlled for in the multivariable logistic regression analysis for all outcomes. Information regarding the use of antihypertensive medications during the procedure was not collected. It is possible that such medications administered in patients with very high BPs could affect outcomes independently.
Conclusion
Our study found that lower SBP was associated with good outcomes in patients undergoing IAT for AIS and that maximum SBP was an independent predictor of good clinical outcome. SBP may be the optimal hemodynamic variable to monitor intraprocedurally during IAT and may predict outcome. A maximum SBP of 160 mm Hg may be a reasonable target to maintain during the procedure, but this needs further study. Larger prospective studies with randomization to different SBP targets are required to see if SBP influences outcomes of AIS patients who undergo IAT and to scientifically determine the optimal BP range during the procedure.
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